Abstract---
INTRODUCTION
INGREPRINTS are the widely used biometrics for personal identification system since feature of the fingerprints(FP) are unique for each human being. Fake and altered fingerprints are some of the threats to personal identification system. Fake FPs are made from latex and are used by the criminals to break the automatic personal identification systems to enter into restricted areas. Fingerprint alteration is the process of making the regular ridge structure irregular to hide the identity from the personal identification system or from the watch list of fingerprints owned by the security. Altered FP matching is essential to identify the criminals by matching it against its unaltered mates in the watch list. The fingerprint alteration is divided by subjective assessment into three types; obliteration, distortion and imitation [1] , [2] . Fingerprints are altered by cutting, abrasion with blades, poring chemicals, burning and surgery. Obliteration is again divided into scar and mutilation. Distorted type of alteration is formed by transplantation of ridge structure with other portions of the same fingerprints by surgery. Imitation type is obtained by replacing large area of fingertip with portion of other fingerprints, palm prints and leg prints by plastic surgery.
Matching of imitation and distortion type of alteration is not possible since it contains transplanted ridge structure. Separation of altered region from the unaltered region and restoration of altered region is also difficult. Matching of "Z" cut type distortion can be performed since restoration may be possible. Soweon Yoon and Anil K. Jain have performed the matching of "Z" cut type of distortion by the restoration of minutiae distribution in the altered region [3] .
Fingerprint recognition is basically divided into three types [4] . They are correlation based, minutiae based and nonminutiae features based techniques. In correlation based techniques, two FP images are superimposed and the correlation between corresponding pixels is computed for different alignments [5] , [6] , [7] , [8] , [9] . Ridge endings and bifurcation known as minutiae features is unique for each FP. Minutiae-based matching consists of finding the alignment between the template and the input minutiae feature sets that result in the maximum number of minutiae pairings [10] , [11] , [12] , [1] [14] , [15] . In non minutiae based matching, features of the ridge pattern like local orientation, frequency, ridge shape and texture information and number, type and position of singularities are used [16] , [17] , [18] , [19] . Some of the researchers used non-minutiae based features along with minutiae feature to improve the matching performance [20] , [21] , [22] . They computed the matching score separately for minutiae and non-minutiae features and combined to get the final matching score.
The proposed method belongs to texture feature based techniques and uses the ridge texture and ridge frequency in the unaltered region of altered FP. This method starts with the selection of unaltered region from the altered FP and similar region of interest from the unaltered mate. Wavelet transform techniques are applied on the ridge frequency and ridge texture images found from selected region to generate feature vectors. Final matching score is obtained by fusing the Euclidian distance of feature vectors of ridge frequency and ridge texture.
Remaining part of the paper is organized as follows. Section II explains ridge frequency extraction. Section III and IV gives the wavelet decomposition and proposed method respectively. Section V gives the results and discussion and conclusion is given in VI.
II. RIDGE FREQUENCY EXTRACTION
The local ridge frequency (or density) f xy at point [x, y] is the number of ridges per unit length along a hypothetical segment centred at [x, y] and orthogonal to the local ridge orientation. A frequency image F, analogous to the orientation image D, can be defined if the frequency is estimated at discrete positions and arranged into a matrix. The local ridge frequency varies across different fingers, and may also vary across different regions of the same fingerprint [4] Window with Ridges Points in the Vertical Direction In order to find the frequency f ij at a point (x i , y j ), a rectangular window of size 32x32 centered at (x i , y j ) is considered. Then the window is rotated in such a way that the ridges point in the vertical direction. This is shown in figure 1 . After the rotation, the gray levels in the each column are accumulated to obtain x-signature. Then f ij is determined as the inverse of the average distance between two consecutive peaks of the x-signature. This is shown in figure 2 . Thus f ij at (x i ,y j ) is given by f ij = 4/(s1+s2+s3+s4)
(1) Figure 3 shows the ridge frequency obtained by the above method. WAVELET DECOMPOSITION Wavelet transform provides provision for multi resolution analysis [24] , [25] , [26] , [27] . In the 2D case, the scaling and wavelet coefficients are computed using a 2D filter bank composed of low pass and high pass filters and decimators. At each scale, the 2D function is decomposed into an approximation image a j of a low pass band and three detail images 
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Where i={H,V,D}, j0 is an arbitrary starting scale, w ϕ (j0,m,n) define the approximation coefficients and ѱ , , defines the detailed coefficients in horizontal, vertical and diagonal directions.
IV. PROPOSED METHOD
After finding the region of interest from a fingerprint, ridge frequency image is formed. Both the ridge frequency image and selected ROI are decomposed using wavelet transform and matching score is obtained in the form of Euclidian distance. Fusion of matching score of ridge frequency image and ridge texture is performed to obtain final matching score. This is explained in following sub sections.
A. Selection of Region of Interest (ROI)
Altered fingerprint matching can be done in two ways. One needs the restoration of the altered region and other needs the features in the unaltered region. These two ways of matching fails when the whole area of the fingerprint is altered.
Region of interest (ROI) is the unaltered region ISSN: 2277-503X| © 2015 Bonfring selected from the altered FP. Similar regions are also selected from the entire normal fingerprint in the database consisting of unaltered mates. Figure 1 shows the synthetically altered FP and its unaltered mate along with other normal fingerprints. Unaltered region belongs to bottom of the altered FP and hence similar region with same size is selected from normal fingerprints as shown in figure 4 Ridge frequency images for both altered FP and normal FP are obtained as explained in section II. These frequency images are decomposed up to 4 levels using Haar wavelet and the mean of approximation coefficients at the 4 th level and detailed coefficients at all the levels are found. The Matching score is obtained by finding the Euclidian distance between these two feature vectors as follows.
where ERF is Euclidian distance for ridge frequency, mRF_AFP(N) and mFP_NFP(N) is the mean of the coefficients of ridge frequency image of altered FP and normal FP respectively. N varies from 1 to 13.
C. Formulation of Matching Score from Ridge Texture
The ROI from altered and normal FP is decomposed to fourth level by Haar wavelet to find out ridge texture feature vectors. Procedure followed is same as explained for ridge frequency.
where ERT is Euclidian distance for ridge texture, mRF_AFP(N) and mFP_NFP(N) is the mean of the coefficients of ridge texture image of altered FP and normal FP respectively.
D. Formulation of Final Matching Score
Matching scores obtained by comparing ridge frequency features and ridge textures are combined to get a single matching score. In order to do this, we have used weighted sum rule [18] . Final matching score EFS is generated as follows. Each altered FP is matched with the entire fingerprint in the normal FP database (one to many matching). A matching is declared as successful, if value of EFS less than or equal to a threshold "t". Table 1 gives the results of matching in terms of Genuine Acceptance Rate (GAR) and False Acceptance Rate (FAR) for the selected threshold. GAR gives the successful matching of altered FP and FAR gives the false match rate. CONCLUSION AND FUTURE ENHANCEMENT This paper presents a method to match obliteration type of altered fingerprint with its unaltered mates. Ridge frequency and ridge texture in the unaltered region of the altered FP is used for matching. Features are extracted by wavelet decomposition of ridge frequency and ridge texture. Matching score from ridge texture and ridge frequency is combined to get final matching score. Results show that this method is suitable for altered FP matching. Comparison of the result is not possible since the state of the art methods for altered FP matching is not available.
